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Appendix A: Dataset Description 

A.1 Naming Convention 
 

 NVAP-M products are available in NetCDF format.  File names are as follows: 

 

YYYY.JJJ.NVAPs.PPP.Txdaily.nc 

 

Where 

 

YYYY = four digit year (1988-2009) 

JJJ = three digit Julian day (1-366) 

s = one character denoting the processing “tier” (C for Climate, S for Synoptic (Weather), O for    

     Ocean) 

PPP= three character data type (tpw or lyr)  

T = one digit number of times daily the data is available (1 or 4) 
  

A.2 Product List 
 

 The 22-year NVAP-M dataset consists of 5 different products which are outlined in table A1 

below. Estimated file sizes for each product are also given. 

Table A1. Description of NVAP-M products: file name, file contents, and approximate file size. 

File Name File Contents Estimated 
File Size 

2002.249.NVAPC.tpw.1xdaily.nc  Daily climate quality TPW grid at 1 degree resolution. 

 Data source code (DSC) indicating the 
instruments/platforms included in each grid box’s  
TPW estimate. 

 
~300KB 

2002.249.NVAPC.lpw.1xdaily.nc  Daily climate quality Layered PW grid at 1 degree 
resolution. Layers are surface-700 hPa, 700-500 hPa, 
500-300 hPa, and 300-100 hPa. 

 DSC indicating the instruments/platforms included in 

 
 
~600 KB 
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the PW estimate for each grid box and layer. 

2002.249.NVAPS.tpw.4xdaily.nc  6-hourly NVAP-M Weather TPW grid at 0.5 degree 
resolution. 

 DSC indicating which instruments/platforms are 
included in the TPW estimate in each grid box. 

 
~2.5 MB 

2002.249.NVAPS.lpw.4xdaily.nc  6-hourly NVAP-M Weather Layered PW at 0.5 degree 
resolution.  Layers are the same as those for NVAP-
M Climate product. 

 DSC indicating which instruments/platforms are 
included in the PW estimate for each grid box and 
layer. 

 
 
~ 7.0 MB 

2002.249.NVAPO.tpw.1xdaily.nc  Daily, ocean-only TPW from SSM/I only on a 1 
degree grid. 

 DSC indicating which SSM/I platforms were included 
in the TPW estimate for each grid box. 

 
~ 150 KB 

 

Appendix B: Acronyms  
 

AIRS:  Atmosphere Infrared Sounder 

AMSR-E: Advanced Microwave Scanning Radiometer for EOS 

AMSU: Advanced Microwave Sounding Unit 

ASDC:  Atmospheric Science Data Center 

ATOVS: Advanced TOVS 

CARDS: Comprehensive Aerological Reference Data Set 

CLW:   Cloud Liquid Water 

DMSP: Defense Meteorological Satellite Program 

DoD:  Department of Defense 

DSC:  Data Source Code 

ECMWF:  European Center for Medium-Range Weather Forecasts 

EOS:  Earth Observing System 

ERA-40: ECMWF Reanalysis 

ESDR:  Earth System Data Record 

FCDR:  Fundamental Climate Date Record 

GEOS:  Goddard Earth Observing System 

GOES:  Geostationary Operational Environmental Satellites 

GPS:  Global Positioning Satellite 

HIRS:  High Resolution Infrared Radiation Sounder 

IDL:  Interactive Data Language 

IGRA:  Integrated Global Radiosonde Archive  

MEaSUREs: Making Earth Science Data Records for Use in Research Environments 

MERRA: Modern Era Retrospective-Analysis for Research and Applications 

NASA: National Aeronautics and Space Administration 

NCAR:  National Center for Atmospheric Research 

NCDC: National Climatic Data Center 
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NCEP:  National Center for Environmental Prediction 

NOAA: National Oceanic and Atmospheric Administration 

NVAP:  NASA Water Vapor Project 

NVAP-M: NVAP-MEaSUREs 

NVAP-NG: NVAP-Next Generation 

PDF:  Probability distribution function 

PW:  precipitable water 

RSS:  Remote Sensing Systems 

SSM/I:  Special Sensor Microwave/Imager 

SSMI/S Special Sensor Microwave Imager/Sounder 

SSM/T-2: Special Sensor Microwave/Temperature Sounder 

SST:  Sea Surface Temperature 

STC-METSAT:  Science and Technology Corp., METSAT Division 

TIROS:  Television Infrared Observation Satellite 

TOVS:  TIROS Operational Vertical Sounder 

TPW:  Total Precipitable Water 

 

Appendix C: Discussion of artifacts due to changes in satellite sampling 
 

 Despite the use of constant algorithms and intercalibrated input datasets through time, 

there are still time-dependent artifacts present in the NVAP-M Climate dataset, including 

significant dry anomalies in the tropics during the early period of the dataset (1988-1992) and an 

apparent global moistening starting in 1995. These anomalies have been traced to the variations 

in satellite sampling with time. Figure 2 in the main text shows the available input sources with 

time. The number of platforms carrying SSM/I varies between 1 and 3, while there are up to 4 

HIRS instruments available at once.  

 Figure A1 shows a time series of the monthly average area covered by each instrument, 

with the data from infrared instruments broken into total, ocean, and land values. This figure 

indicates that, no matter how many instruments are available, the potential area of the globe that 

can be observed is asymptotic at about 50%. This is not surprising, since SSM/I can only retrieve 

water vapor over the ocean, which represents 70% of the earth, and it cannot retrieve water vapor 

in regions of heavy precipitation, over ice, or in the gaps between orbits. HIRS radiances are 

clear-sky only, which represents an average of only 30% of the earth, however the presence of 

HIRS on multiple satellites passing over a given region at different times allows for more 

observations if clouds have moved out of the area.  
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Figure A1. Monthly mean area of total coverage for all instruments used in NVAP-M Climate (solid) 

including SSM/I (black), HIRS (red), AIRS (blue) and radiosonde (green). Infrared instruments (HIRS and 

AIRS) are broken down into average coverage area for ocean (dotted) and land (dashed) as well. 
 The area covered by AIRS is significantly less than that of the other sensors. This is due 

to the way cloudy scenes were removed from the dataset. HIRS retrievals are performed on each 

individual field of view (FOV), and then the FOVs are averaged onto a 1 degree grid. If a grid 

box contains both clear and cloudy FOVs, the clear FOVs are used to calculate the grid box 

average TPW. As such, even grid boxes with 90% cloud could have clear footprints within them 

that are assumed to represent the entire box. The AIRS Level 3 data is already in a 1 degree 

gridded format, and each grid box has a retrieved cloud fraction. For use in NVAP-M, AIRS grid 

boxes with greater than 10% cloud fraction were omitted. In essence, the cloud removal 

technique for AIRS is more conservative than that used with HIRS, thus decreasing the overall 

global coverage obtained from AIRS. 

 The time-dependent artifacts seen in figure1 of the main text can be explained in part 

using figures A1 and A2. Starting with the unusually try tropics seen in the first 4 years of the 

record, we see that the driest periods correspond with slight decreases in coverage by SSM/I, and 

in fact the largest dry anomaly extending from the tropics through most of the southern 

hemisphere corresponds with a significant drop in SSM/I sampling of the tropical oceans, where 

HIRS is unable to compensate due to the persistently cloudy nature of the region. In fact, from 

late 1989 through the first half of 1990, there do not appear to be any notable artifacts, during a 

period when SSM/I was operating normally. 
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Figure A2. Ratio of the monthly mean area land and ocean area covered by the infrared instruments used in 

NVAP-M Climate. 

 

 The apparent global moistening that began in 1995 and continued through the late 1990s 

can similarly be explained by a decrease in sampling from the HIRS instrument. In 1995, the 

HIRS instruments on NOAA-11 and NOAA-12 were experiencing some end-of-life issues. As a 

result, while some data is still available from these instruments past that point, it is temporally 

spotty and of questionable quality. As a result, the use of data from these two sensors was 

discontinued when NOAA-14 became available, quickly reducing the number of available HIRS 

instruments from a potential 3 to 1. Because HIRS radiances are a primary source of information 

over land and the radiances globally were clear-sky only, it was essentially being used to observe 

the driest portions of the dataset. Additionally, as can be seen in Fig. A1, coverage over land was 

impacted somewhat more than coverage over ocean. As a result, SSM/I observations dominate 

over the ocean, and fewer land observations are available for inclusions in the global average, 

leading to an apparent moist anomaly during this period. 

 The impact of changing sampling through time on trend detection remains to be studied.  

Vonder Haar et al. (2012) stated “Therefore, at this time, we can neither prove nor disprove a 

robust trend in the global water vapor data”. 

Appendix D: Frequently Asked Questions 
 

Below are some of the frequently asked questions regarding the NVAP-M dataset. 

 

1.  Where is the NVAP data located? 

 

Heritage NVAP data can be found online at 

http://eosweb.larc.nasa.gov/PRODOCS/nvap/table_nvap.html 

 

http://eosweb.larc.nasa.gov/PRODOCS/nvap/table_nvap.html
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The NVAP-M dataset completely supercedes the heritage dataset, and users 

should use NVAP-M. 

 

The new NVAP-M can be found online at the NASA Langley Atmospheric Science 

Data Center (ASDC) . 

  

2. What is the data format? 

   

The NVAP dataset is provided in gridded NetCDF files at either one or half-degree 

resolution.   

 

3. Which NVAP-M product should I use, weather, climate or ocean? 

  

The weather version of NVAP-M contains higher spatial and temporal resolution than 

does the climate version.  It combines input from a larger number of sensors than the 

climate version, using sensors that are not available over the course of the entire 

dataset. That is, it does not use the same consistent inputs through time as the climate 

version. There may be areas where data is not available in any six hour grid.  You 

should use this data if you are planning a case study of a specific meteorological event 

or phenomenon, testing a short to mid-range forecast, or if you are only interested in a 

very small area.  

 

The climate version of NVAP-M contains a gridded daily average water vapor value at 

one degree resolution.  The sensors used in creating this dataset have a long stable 

record, and there have been no changes in processing methodology over the course of 

the dataset.  There should be minimal areas of missing data, particularly during periods 

with many available satellite platforms. You should use this dataset if you are 

interested in global trends or variability over a long period of time.   

 

The ocean only version of NVAP-M contains gridded daily average TPW only over 

oceanic scenes using only input data from SSM/I. You should use this product if you 

are interested in only oceanic scenes or comparisons with other ocean only, passive 

microwave TPW datasets. 
 

4. What is more reliable, TPW or LPW? 

 

TPW is the most reliable geophysical quantity in NVAP-M due to the use of GPS (in 

NVAP-M Weather) and passive microwave inputs. The LPW fields improve from 2003 

onwards with the use of AIRS. It should be noted though that AIRS and HIRS are subject 

to the same biases by rejecting cloudy scenes.  See the MEaSUREs project of Fetzer et al. 

(2012) for more information on this effect. 

 

5. Why wasn’t more spatial or temporal extrapolation applied? 

 

The goal of NVAP-M was not to create daily or more frequent images with no holes via 

smoothing. Heritage NVAP did extrapolate to achieve this; however the limitations of the 
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varied inputs are simply carried forth in NVAP-M. Users interested in greater 

extrapolation and smoothing can apply these irreversible processes themselves. The 

NVAP-M weather dataset and companion data source code could be used to achieve this 

goal. 

 

6. Is there any NVAP-M data beyond 2009? 

 

At the time of this writing (early 2013) no effort to continue the NVAP-M dataset has 

been funded. 

 

  

 

 
 


